
1.  Introduction
The Ordos block is located in the central part of the North China Craton, and has experienced a complex 
geodynamic process during the long term of geological evolution. There are three important ancient geo-
logical boundaries around Ordos block as shown in Figure 1. The first one is the Khondalite belt (or Inner 
Mongolia Suture Zone) along the northern boundary of Ordos block. It was formed through the collision 
between the Ordos and the Yinshan blocks at ∼1.95 Ga, to form the Western block (Figure 1; H. L. Guo 
et al., 2017; Wan et al. 2020; X. Wang et al., 2019; Yin et al., 2011; Zhao & Zhai, 2013). The second one is 
the Trans-North China Orogen (TNCO) resulted from the ∼1.85 Ga collision between Western and East-
ern blocks to form the uniform basement of the North China Craton (NCC; Zhao & Zhai, 2013). The third 
boundary is the Qinling–Dabie orogen (or Central China Orogen) caused by the collision between the NCC 
and the South China Craton in the Triassic (S. Li et al., 1993; Wu et al., 2009), which also experienced a 
multistage orogenic evolution with accretion and collision between discrete continental blocks (Y. P. Dong 
& Santosh, 2016; W. P. Li et al., 2014).

Abstract  Based on the teleseismic records of the dense broadband seismic array, the crustal 
anisotropy parameters of the west Ordos block and its adjacent regions were determined with P wave 
receiver functions. The results indicate that the dominant direction of the fast wave is NEE-SWW, 
N-S in Yingshan block and north Ordos block, N-S in the south Ordos block, and E-W in the Qinling–
Dabie orogen belt. The fast wave direction of crustal anisotropy in the north Ordos block is distinctly 
different from that in the south Ordos block, both well related to the major geological events, such 
as the Paleoproterozoic continent-to-continent collision between the Ordos Block and the Yinshan 
Block, the collision between the Western Block and Eastern Block of the North China Craton and the 
material migration from the Tibetan plateau in Cenozoic. Our results indicate that the crustal anisotropy 
in the Ordos block preserves the traces of ancient tectonic movements. Combining the results of 
previous geophysical studies, we presented a crust-mantle interaction model to explain the geophysical 
observations. The most prominent features of the model are the horizontal eastward expansion of the 
mantle material in the southern Ordos and the vertical upwelling of the mantle material in the northern 
Ordos. The different modes of movement of the mantle material led to the deep contrasting structures of 
north and south Ordos, including the crustal anisotropy. The mantle upwelling also implies that the north 
Ordos block might be currently experiencing craton destruction.

Plain Language Summary  The Ordos block was stable without strong tectonic activity and 
showed rigid movement characteristics, which has been interpreted as a typical craton. However, some 
of the new results from geophysics showed that the crust of the Ordos block is not a single and stable 
structure with an evident low-velocity layer within the crust, strikingly high Poisson's ratio in the north 
Ordos block, and a low-velocity anomaly in the mantle in the north Ordos, which indicated that the 
interior of the Ordos is no longer a stable block, and also laid a good foundation further to explore the 
deep dynamic process of this area. Here, we constrain the crustal anisotropy by the teleseismic records of 
the dense broadband seismic array in the west Ordos block and its adjacent regions. The results indicated 
the contrasting structures beneath north and south Ordos blocks, which implied different movements of 
the mantle material.
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The current Ordos block has a thick mantle root, no earthquakes, low heat flow, and a lack of internal defor-
mation since the Precambrian (Deng et al., 1999; Gan et al., 2007; B. Guo et al., 2004; S. X. Jia et al., 2014; 
Kusky, 2011; S. L. Li et al., 2002), which shows that the Ordos block conforms to the characteristics of the 
craton's stable crust. With the accumulation of high-density and high-quality broadband digital seismic 
data, some high-resolution and high-precision imaging of the crust, upper mantle, and even deeper interior 
structures were obtained. Some of the results, however, showed that the crust of the Ordos block is not a 
single and stable structure. For example, wide-angle reflection and refraction results indicated an evident 
low-velocity layer at a depth of 20 km in the north Ordos block (M. Jia et al., 2015). H. Dong et al. (2014) 
found a low resistivity anomaly from the upper mantle to the mid-to-lower crust beneath the northern 
part of Ordos with a three-dimensional magnetotelluric (MT) inversion. Based on the observations from a 
dense broadband seismic array, W. L. Wang et al. (2017) obtained the Poisson's ratio using the h–κ stacking 
method showing a strikingly high Poisson's ratio in the north Ordos block. Tomographic images also show 
a low-velocity anomaly in the north Ordos, at the upper mantle (H. L. Guo et al., 2017; Zhang et al., 2018). 
These results supported the regional modification of the lithosphere under the north Ordos and lithosphere 
thinning beneath Hetao Graben (H. Dong et al., 2014), and also laid a good foundation to explore further 
the deep dynamic process of this area.

Seismic anisotropy in the crust and mantle is considered a geophysical indicator of the structure and dy-
namic processes in the Earth's deep interior (Silver, 1996). The direction of the anisotropic fast axis wave is 
closely related to the direction of material migration, the orientation arrangement of a crystal lattice, and 
the deformation history during the tectonic evolution. Therefore, the results of seismic anisotropy could be 
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Figure 1.  Tectonic background map of the study area. The black lines represent the block boundary and the red box 
represents the study area.
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used to reveal information regarding the geodynamic process. Shear wave splitting measured on the SKS 
phase is a classical method to determine the anisotropy that has occurred on the upward ray path through 
the mantle between the core-mantle boundary and the surface on the receiver side. However, SKS splitting 
is nearly always interpreted in terms of upper mantle anisotropy, and a potential contribution from the low-
er mantle is mostly ignored (Long & Silver, 2009; Savage, 1999). Receiver functions are another valid meth-
od to measure the crustal anisotropy by analyzing the arrival time and polarity of P-to-S converted waves 
caused by the interfaces of the radial and tangential components. Many research works have been carried 
out to constrain the crust and the uppermost mantle anisotropy with receiver functions (Bar et al., 2019; 
Brownlee et al., 2017; Frederiksen & Bostock, 2010; Long, 2013; Mccormack et al., 2013).

Many scholars have studied the crust and mantle anisotropy along the northeastern margin of the Tibetan 
Plateau and the Ordos block and discussed the deep dynamic process. Yu and Chen (2016) analyzed the 
seismic anisotropy of the southern Ordos block and the Qinling–Dabie orogenic belt based on the SKS wave 
splitting and proposed that the belt had an eastward mantle material migration channel response to the 
horizontal expansion of the Tibetan Plateau. Chang et al. (2017) analyzed the anisotropy of the upper man-
tle in the Ordos block with the XKS wave splitting and determined that the direction of the anisotropic fast 
axis inside the Ordos block is near the N-S direction in the north, and near the E-W direction in the south. 
Z. Huang et al. (2008) discussed the formation mechanism of the anisotropy along on the southern edge of 
the Ordos block using the S-wave splitting method and proposed that the Ordos block had a counterclock-
wise rotation trend. The previous anisotropy results for in the Ordos block are mainly from the XKS (SKS, 
SKKS, and PKS) splitting and have obtained the migration of the upper mantle materials. Shen et al. (2015) 
documented a low-velocity anisotropic layer in the lower crust in the northeastern margin of the Tibetan 
Plateau based on the radial and tangential components of a receiver function. These results give important 
information about the deep dynamic process in the Ordos block and its adjacent regions; however, the pre-
vious researches about the crustal anisotropy in Ordos block is still limited, although it would be helpful to 
understand the deep geodynamic process.

In this paper, the crustal anisotropy parameters were constrained using P wave receiver functions from 
dense broadband seismic array covering the west Ordos block, part of the Yinshan block, and the Yangtze 
block as shown in Figure 1. Referring to the previous seismic results, we have discussed the tectonic signif-
icance and deep dynamic process of the western Ordos.

2.  Observations and Method
During 2013–2016, the dense broadband seismic array, Chin Array-Himalaya II, was set up in the northeast-
ern margin of the Tibetan Plateau by the institute of geophysics of China Earthquake Administration (W. L. 
Wang et al., 2017). This study used the waveforms of teleseismic earthquakes from 88 temporary broadband 
stations of the Chin Array-Himalaya II in the west Ordos block and its adjacent regions (Figure 2a). The 
distribution of the stations was a north-south section with a uniform and good coverage from the Yangtze 
block to the Alxa block across the Ordos block. The massive observations might ensure obtaining high-qual-
ity receiver functions and good constraints of the deep structures.

During the work of the seismic array between September 2013 and June 2016, the teleseismic records of 
surface-wave magnitude (Ms) ≥ 5.5 with epicenter distances in the range of 30°–90° range were selected; the 
distribution of seismic events is shown in Figure 2b. The original records of the three components (N-E-Z) 
of the original data were rotated to radial (R), tangential (T), and vertical (Z) components. The three-com-
ponent records were cut in the time windows of 20 s prior to and 120 s after the P arrival. Receiver functions 
were calculated by deconvolving the vertical component from the radial and tangential components, respec-
tively, using an iterative approach (Ligorria & Ammon, 1999). A low-pass Gaussian filter with a half-width 
constant of 1.0 was applied to regulate the deconvolution. Moveout correction was then applied for a refer-
ence slowness of 6.4 s/° to correct the influence of different distances. Furthermore, we constructed binning 
stacks of the R component of receiver functions (RRFs) and T component of receiver functions (TRFs) for 
each of the stations in an azimuth interval of 6°.

The seismic anisotropy parameters can be represented by the fast direction (FD) and split time (δt; Cramp-
in, 1987; Silver & Chan, 1991). When the P wave passes through the isotropic medium layer, there is no 
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energy on TRFs. In addition, the arrival P-to-S(PMs) conversions on RRFs from the Moho with different 
back azimuth are the same. For the anisotropic layered crust, the incoming P wave splits into a fast and a 
slow component, causing the azimuth-dependent of arrivals of PMs on RRFs and the polarity reversal on 
the TRFs. The TRF exhibit significant azimuthal variation and polarity reversal. In the previous studies, 
we used the time variations of the PMs conversions from the Moho in the RRFs and the azimuth-weighted 
stacking of TRFs (AWST) to determine the fast direction and the magnitude of the anisotropy (delay time) 
and obtained the anisotropic low-velocity layer in the lower crust beneath the northeastern margin of the 
Tibetan Plateau (Shen et al., 2015). Here, the same method was applied to the observations to constrain the 
anisotropic parameters in the western Ordos block. In the following paragraphs, we present the results of 
two typical stations to describe the method briefly.

Station 61075 is a kind of station with π periodicity of arrivals of PMs against back azimuth, implying a 
single layer of anisotropy with a horizontal symmetry axis. We selected 158 RRFs and TRFs to construct the 
binning stacks in a back azimuth interval of 6° (Figures 3a and 3c). Figure 3b indicates the zoomed time 
window to highlight the arrival times (green plus symbols) of the PMs on RRFs (Figure 3a). We obtained the 
FD and the delay time by fitting the observed arrivals of PMs. In addition, the TRFs show the periodic rule of 
π around the arrival time of PMs (Figure 3b). A reversal of polarity in the TRFs seems to exist at an azimuth 
of 160°. However, the pattern is not much clear for the poor coverage. The AWST section in Figure 3d shows 
a clear pattern of anisotropy. We estimated the FD at 160° azimuth using the maximum amplitudes (Shen 
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Figure 2.  Map of the research area and stations. (a) Distribution of seismic stations. The triangle represents the station 
position, and white lines represent the block boundary. The receiver functions of the stations with a red triangle are 
shown in Figures 3 and 4. The station with a black triangle represents stations with periods rule of π for the PMs arrival 
in radial receiver functions. The station with a yellow triangle represents the kind of stations with periods rule of 2π 
for the PMs arrival in radial receiver functions. LSPF: Lang Shan Piedmont normal fault; WLPF: Wula shan Piedmont 
normal fault. (b) Epicenters distribution of earthquake events. The red star indicates the central location of the study 
area.
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et al., 2015). Finally, the anisotropy parameters of the crust below the station were obtained: the delay time 
was 0.11s and the FD was 160°. The results of the FD from RRFs and TRFs are consistent, which implies 
further reliability.

Figure 4 indicates the results for station 15705, which is a kind of station with 2π periodicity of arrivals of 
PMs against back azimuth, which implies a single layer of anisotropy with a tilted symmetry axis. In the 
present study, there were 17 stations with a period rule of 2π, which are represented by a yellow triangle in 
Figure 1a. There were 201 RRFs and TRFs in the station 15705. We determined the delay time and the FD by 
fitting the arrivals of PMs with a periodicity of 2π caused by the anisotropic layer of the inclined symmetry 
axis, as shown in Figure 4.

3.  Results and Discussions
3.1.  Crustal Anisotropy

Following the same data processing as in Section 2, we obtained the anisotropic results for all the 87 sta-
tions. The results for all other stations are shown in Figure S1, and the parameters of crustal anisotropy are 
listed in Table S1 and are provided as supplementary materials. Figure 5 indicates the distribution of crustal 
anisotropy in the study area. The results indicate that the main fast directions of the anisotropic layer were 
N-S and NE-SW, with delay times of 0.01–1.34 s as shown by the red rose diagram in Figure 5.

Recently, an increasing number of scholars have used receiver function to obtain anisotropy, mainly using 
the Moho Ps phase splitting to estimate bulk crustal anisotropy (Liu & Niu, 2012; Z. Liu et al., 2015; Niu 
et al., 2016; Shen et al., 2015; Sun et al., 2015). Scholars have developed an integrated technique for estimat-
ing crustal anisotropy that could be applied to any broadband seismic stations having a good backazimuthal 
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Figure 3.  Observed receiver functions and azimuth-weighted stacking of TRF (AWST) section of station 61075. (a) R component of receiver functions (RRFs). 
Thin green pluses symbols mark the P-to-S (PMs) arrivals. The black dashed line marks the arrival of the PMs phase predicted by the anisotropic model. (b) 
Zoomed-in RRFs in a narrow time window to highlight the variation of the PMs arrivals. The black-dashed line marks the arrival of the PMs phase predicted by 
the anisotropic model. (c) T component of receiver functions (TRFs). The black-dashed line marks the average value of the PMs arrivals. The green plus marks 
the location of the azimuth related to the FD of the anisotropic layer determined by the AWST section in Figure 2d. (d) AWST section. The green plus marks the 
azimuth of the maximum stacking amplitude from the lower interface, which corresponds to the fast direction (FD) of the anisotropic layer. The black dashed 
line marks the average value of the PMs arrival. The station name, split time (δt), and FD (øc) are also marked. (e) The amplitude variation of RRFs in different 
azimuthal intervals. Mean-RRF-PMs indicates the average of all RRFs amplitudes. (f) The absolute amplitude variation of TRFs in different azimuthal intervals. 
Mean-TRF-PMs indicates the absolute amplitudes of all TRFs amplitudes.
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coverage of teleseismic events (Liu & Niu,  2012). Sun et  al.  (2015) es-
timated the crustal structure and deformation under the Longmenshan 
and its surroundings by analyzing the receiver function data. Liu and 
Park  (2016) studied the trade-offs between thin anisotropic layers and 
Ps splitting for crustal anisotropy, and outlined the criteria for choosing 
one over the other by using a harmonic-decomposition technique. How-
ever, certain scholars argue that this approach to anisotropy is unreliable 
(Brownlee et  al.,  2017; Lamarque & Agostinetti,  2020), because the Ps 
splitting paradigm requires a strongly anisotropic thick crust to generate 
sufficient birefringence to explain the RFs. However, very large back az-
imuth amplitude variations in the Ps converted phase can be generated 
with relatively thin anisotropic layers (Z. Liu et al., 2015).

In order to discuss the depth of the anisotropic layer, we constructed 
different crust models to compare the observations corresponding to the 
anisotropy parameters of station 61075. Figures 6a–6d exhibit the models 
with anisotropic layer within the whole crust, upper crust, mid-crust, and 
lower crust. The total anisotropic strength (thickness × percent anisotro-
py) of all models is the same. The corresponding synthetic receiver func-
tions are shown in Figure 7. The results indicate that the thin anisotropic 
layer in the lower crust can generate a comparable pattern of PMs arrivals 
by back azimuth on radial receiver functions. Another useful piece of in-
formation is the amplitude of PMs on radial and transverse receiver func-
tions, as shown in Figure 8. The amplitudes of PMs on the radial receiver 
functions are not sensitive to the depth of the anisotropic layer, while 
the amplitudes of PMs on the transverse component are a little sensitive 
to the depth of the anisotropic layer. Especially, the amplitude of PMs on 
the transverse component with a thin anisotropic layer above the Moho 
is evidently larger than those in the other models. We also selected the 
amplitudes of the observations of station 61075 and compared them with 
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Figure 4.  Same as Figure 3 except for station 61075.

Figure 5.  Map of anisotropy in the crust. White lines represent the 
block boundary. The lengths of the blue line indicate the delay times, and 
their orientations represent the fast axis directions. The rose diagrams 
correspond to the fast wave directions in a different regions. The red rose 
diagram shows the results of all stations (Equal-area project rose diagram 
of the fast direction of all selected events).
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the synthetics (Figure 8), which revealed that the amplitude of the model with a thin anisotropic layer 
above the Moho was consistent with the observations. We also investigated the amplitudes of all stations 
(refer to supplement) and observed that the average PMs amplitude on the radial receiver functions is about 
0.125 and that on the transverse component is 0.056. So, our results might represent the anisotropy in the 
lower crust.

Nonetheless, the actual situation of deep earth anisotropy must be further complicated because of three-di-
mensional heterogeneity or multi-layer anisotropy. Here, we have obtained only the information of crustal 
anisotropy in one way, and the results indicated the distinct and meaningful features of local crustal an-
isotropy by analyzing a large amount of receiver function data recorded by the dense broadband seismic 
array. According to our results, the orientation of the anisotropic fast axis is probably more robust than the 
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Figure 6.  The crust models with anisotropic layer at different depths. The red box indicates the position of the 
anisotropic layer in the crust. Figures a–d depicts the anisotropic layer models of the whole crust, upper crust, middle 
crust, and lower crust, respectively. The %S value indicates the anisotropic strength, and α and θ indicate the strike and 
inclination of the fast axis, respectively. “Thi” represents the thickness of the anisotropic layer.
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inferred splitting time because the back-azimuthal patterns for the models with anisotropic layers at differ-
ent depths are similar. So, we will only discuss the fast-axis orientation of our results.

As the distribution of the fast direction has evident local features, we divided the research area into three 
parts: the north Ordos including Yinshan Block, south Ordos, and Yangtze Block (Figure 5). In the north 
Ordos and Yinshan block, the dominant orientation of the fast axis is NEE-SSW, with a delay time of 0.13–
1.34  s. In the south Ordos block, the dominant orientation of the fast axis is N-S, with a delay time of 
0.01–1.15 s. In Qingling-Dabie orogen, the dominant orientation of the fast axis is E-W, with the delay time 
of 0.08–0.68 s.

3.2.  The Geodynamic Process Imprinted by Crustal Anisotropy

The fast-axis orientations of the crustal anisotropy in different regions were agreeable, which should 
be related to the major geological events. The NEE-SWW dominant orientation in north Ordos and 
Yinshan block could be correlated to the Paleoproterozoic (∼1.95 Ga) continent-to-continent collision 
between the Ordos Block in the south and the Yinshan Block in the north, which resulted in a NE-SW-
trending linear crustal belt and the final amalgamation of the uniform Western Block (Gou et al., 2018; 
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Figure 7.  Synthetic receiver functions. (a–d) are the synthetic R component of receiver functions (RRFs) and T component of receiver functions (TRFs) of 
models in Figure 6. (e) Observed RRFs and TRFs of station 61075.
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Wan et al., 2020; X. Wang et al., 2019; Yin et al., 2011; Zhao & Zhai, 2013). The other group of N-S ani-
sotropy in the south Ordos is most likely related to the collision between the Western Block (including 
Ordos and Yinshan Blocks) and Eastern Block ∼1.85 Ga. This ultimately formed the uniform basement 
of the North China Craton along the N-S-trending Crustal-scale Trans-North China Orogen (Zhao & 
Zhai, 2013). Some sporadic N-S anisotropy in the north Ordos might also be attributed to this. The E-W 
dominant anisotropy in Qinling–Dabie orogen is parallel to that in the orogenic belt, which could be 
caused by the collision between the NCC and the South China Craton in the Triassic (S. Li et al., 1993; 
Wu et al., 2009).

In addition, the crust thickness of the Ordos block is about 44 km (W. L. Wang et al., 2017), which is 
thicker than the normal continental crust of 33 km. So, the Ordos block is more likely to sustain a ductile 
lower layer, which might be the main reason for the crustal anisotropy observed in our results. In order 
to visually display the relationship between the formation of crustal anisotropy and the deformation of 
crust and mantle during the tectonic process, we made cartoons, as shown in Figure 9, illustrating the 
possible geological events related to the crustal anisotropy in different regions of Ordos block and its 
adjacent regions.
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Figure 8.  The amplitude of P-to-S (PMs) on R component of receiver functions (RRFs) and T component of receiver functions (TRFs). The green plus symbols 
the absolute amplitudes of the PMs on RRFs and TRFs (Figure 7) corresponding to the different models in Figure 6. The black plus indicates the amplitude of 
station 61075.
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3.3.  Interaction of Crust and Mantle

Based on the previous studies on the Ordos block and its adjacent ar-
eas, it is generally observed that the delay time of crustal contribution 
is smaller than that of the SKS/XKS acquisitions (Chang et al.,  2011; 
Sherrington et al., 2004; Weeraratne et al., 2009). In addition, the low-
er mantle is considered to be isotropic (Savage, 1999). Therefore, it is 
generally believed that the anisotropy measured by the SKS splitting 
mainly represents the anisotropy of the upper mantle. So, we can dis-
cuss the interaction of crust and mantle according to our results and 
SKS splitting.

Chang et  al.  (2017) used the XKS method to obtain the upper mantle 
anisotropy results in this region with the same data set as shown in Fig-
ure  10. The results showed that the delay time of the Qingling-Dabie 
orogen belt in the southern margin of the Ordos block is large, with an 
average of about 1.3  s, and the dominant orientation is near the E-W 
direction. The dominant fast axis orientation inside Ordos block is near 
the N-S direction in the north and near the E-W direction in the south, 
with a relatively weak anisotropy throughout the Ordos. The translucent 
rectangles in Figure 10 depict the dominant fast axis orientations from 
SKS and receiver functions. The results indicated that the fast axis ori-
entation of crust and upper mantle in the south Ordos block is nearly 
perpendicular, which implies the decoupling of crust and mantle. The 
good consistency of fast axis orientation in the Qinling–Dabie orogen 
belt indicates the coupling of crust and mantle. The fast axis orientation 
of crust and upper mantle in the north Ordos is neither perpendicular 
nor parallel, which indicates a relatively complicated interaction of crust 
and mantle.

Based on the results of SKS splitting, Yu and Chen (2016) documented 
that the dominant orientation of the upper mantle material migration 
in the south Ordos block and Qingling-Dabie orogen belt is E-W, which 
might be caused by the Tibetan Plateau squeezing “out” eastward. Refer-
ring to the large delay time of SKS splitting, Chang et al. (2017) deduced 
that the SKS splitting in the south Ordos block and Qingling-Dabie oro-
gen belt could be mainly contributed by the material migration from the 
Tibetan plateau, besides the collision between the North China block 
and the South China block, which led to the extension and deformation 
of the crust to the lithospheric mantle along the E-W direction. Our re-
sults indicated that the fast axis orientation in the south Ordos is appar-
ently different from that in the Qinling–Dabie orogen belt. In addition, 

the results from the dense GPS velocity field across the Ordos block indicated that the interior of the block 
undergoes no differential motion and its internal strain is insignificant (Hao et al., 2021), which imply 
that the mantle from the west has little influence on the NS-trending anisotropy beneath the south Ordos 
block.

The Ordos block has been considered as a stable Archean continental block (An & Shi, 2006) with the 
medium related to feldspar lithology in the lower crust (C. Y. Liu et al., 2006). However, some results 
from recent studies indicate that the crust of the Ordos block is not totally consistent with the typical 
craton crust with a lower Vp/Vs ratio. For example, results from the receiver functions indicate that 
the thickness of the crust decreased significantly when the latitude was larger than 38° (L. T. Huang 
et al., 2020). The northern part of the Ordos block is characterized by a larger velocity jump as well as 
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Figure 9.  Cartoon of tectonic evolution and crust anisotropy. Diagram for 
the anisotropy of ancient fossils that may have been caused by different 
ages, chronological reference (Wu et al., 2009; Zhao & Zhai, 2013). TNCO: 
Trans-North China Orogen. The gray arrow indicates the extension and 
deformation direction of the block. The yellow area shows the elevation of 
the lower crust due to tectonic impact, and the black dotted line shows the 
direction of the LPO (Barruol & Mainprice, 1993).
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a large Vp/Vs ratio (Figure  11), indicating that the crust beneath the 
station to be a mafic rock (W. L. Wang et al., 2017). Previous results (H. 
Dong et al., 2014; H. L. Guo et al., 2017; Tian et al., 2011) from tomog-
raphy studies documented that an evident low-velocity anomaly existed 
in the lower crust and the upper mantle from the north of Ordos block 
to the Hetao basin. It is speculated that an upwelling mantle material 
might exist under the north Ordos block. The upwelling mantle materi-
al has invaded the crust of the northern Ordos from north to south, and 
caused the partial melt of the lower crust, Moho uplift, a higher Vp/Vs 
ratio, and a larger velocity jump of Moho. The fusion of mantle material 
and crustal material might also lead to a decrease in the density jump, 
as mentioned by L. T. Huang et al. (2020). The distinct difference in the 
fast axis orientation of the crustal anisotropy in the north Ordos block 
could also be contributed to the immersion and modification of the up-
welling mantle.

Based on the previous results and the results of the crustal anisotropy, 
we present a simplified sketch of the geodynamic model in the west Or-
dos block and its adjacent regions (Figure 12). The Qinling–Dabie oro-
gen belt is a contrasting boundary of crustal anisotropy of South China 
block and North China block. Another prominent feature of the model 
is the upwelling of the mantle material in north Ordos block and the 
horizontal flow of the mantle material in south Ordos block. Especially, 
the upwelling mantle material led to the partial melt of the lower crust, 
Moho uplift, the decrease in the density jump, and the distinct differ-
ence of the fast wave direction of crustal anisotropy in the north Ordos 
block.

Combined with the results of previous studies (Chang et  al.,  2017; H. 
Dong et al., 2014; H. L. Guo et al., 2017; L. T. Huang et al., 2020), the re-
sults of the present study indicate that the partial melting in the north of 
Ordos block might be caused by thermal erosion, resulting in slow crust 
subsidence. It is also a sign that the north of the Ordos block may be ex-
periencing very slow craton destruction.

4.  Conclusions
Based on the numerous observations from the 87 broadband seismic sta-
tions of Chin Array-Himalaya II seismic array in the Ordos block, we de-
termined the crust anisotropic parameters of the block and its adjacent 
areas using radial and tangential receiver functions. According to the 
numerical tests and the amplitudes of the observed receiver functions, 
we deduced that the anisotropy is been mainly contributed by the lower 
crust.

The results indicated the distinct difference in the dominant fast axis 
orientation of the north Ordos block, south Ordos block, and Qinling–

Dabie orogen belt. The crustal anisotropy could be related to major geological events. The NEE-SSW dom-
inant orientation in north Ordos and Yinshan block could be correlated to the Paleoproterozoic conti-
nent-to-continent collision between the Ordos Block and the Yinshan Block. The N-S anisotropy in the 
south Ordos is most likely related to the collision between the Western Block and Eastern Block of the 
North China Craton. The E-W dominant anisotropy in Qinling–Dabie orogen could be mainly attributed 
to the material migration from the Tibetan plateau in Cenozoic, although the collision between the North 
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Figure 10.  Comparison of the crustal anisotropy with the results from 
XKS. Blue lines: the fast direction (FD) of crust anisotropy observed in 
this study. Red lines: the XKS results (Chang et al., 2017). Green arrows: 
GPS results (Niu et al., 2005). The white arrow indicates the absolute 
plate motion (APM) direction. The red and the blue translucent rectangles 
represent the dominant fast wave directions of anisotropy in the upper 
mantle and the crust in different regions.
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China block and the South China block in the Triassic could also play a similar role. So, it was inferred 
that the traces of ancient tectonic movements are still preserved by the crustal anisotropy within the Ordos 
block.

According to the results from the analysis of tomography, crustal velocity ratio, crustal thickness, and Moho 
features, we observed the contrasting structures beneath the north and south Ordos blocks. The evident 
low-velocity abnormalities, larger velocity ratios, and a distinct Moho velocity jump indicated the partial 
melting in the upper mantle in the north Ordos block, which implies the upwelling of mantle material. 
Based on this, we deduced that the north Ordos block might currently be experiencing craton destruction. 
The remarkable differences in the interior structures of north and south Ordos blocks could mainly be at-
tributed to the different movement of the mantle material.
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Figure 11.  (a) Results of velocity contrast across Moho (L. T. Huang et al., 2020) and (b) the crustal Vp/Vs ratio (W. L. 
Wang et al., 2017) in this study region.
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Data Availability Statement
Raw receiver functions of this article can be found online at https://doi.org/10.5281/zenodo.4899075.
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Figure 12.  Crust-mantle interaction model. The orange part represents the crustal model, and the deeper color 
represents the high values of the crustal velocity ratio (W. L. Wang et al., 2017). The blue part represents the mantle 
model, and the lighter color represents a smaller density jump (L. T. Huang et al., 2020). The black double dashed line 
represents the Moho boundary between the crust and the mantle. The Blue dashed arrow indicates the FD of the crust. 
The Gray dashed line represents the squeeze from the Tibetan Plateau. The red arrow indicates the upwelling of hot 
materials (Zhang et al., 2018).
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